Induction by mitomycin or high-temperature treatment resulted in the production of bacteriocins and phages in both phases of Xenorhabdus nematophilus A24, indicating lysogeny. Phage DNA purified from X. nematophilus A24 hybridized to several fragments of DraI-digested A24 chromosomal DNA, confirming that the phage genome was incorporated into the bacterial chromosome. Bacteriocins and phages were detected in cultures of most other Xenorhabdus spp. after mitomycin or high-temperature treatment. Xenorhabdus luminescens K80 was not lysed by these treatments, and no phages were seen associated with this strain. However, bacteriocins were detected in limited quantities in all Xenorhabdus cultures, including X. luminescens K80, without any induction. X. nematophilus A24 bacteriocins were antagonistic for other Xenorhabdus species but not for A24 or other strains of X. nematophilus.
Xenorhabdus spp. (members of the family Enterobacteriaceae) are symbiotically associated with entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae (3, 25) . The nematodes act as vectors, transporting their bacterial symbionts into the hemocoel of the insect host. Xenorhabdus spp. contribute to the symbiotic relationship by providing nutritional requirements for their nematode partners (23) .
Xenorhabdus strains spontaneously produce two colony form variants (1) which have been called phase variants (6) . Phase 1 variants adsorb dyes on agar plates, produce lecithinase, emit light (in bioluminescent strains only [6] ) and have cytoplasmic paracrystalline inclusions (7, 18) , while these properties are either absent or greatly reduced in phase 2 (6, 18) . Phase 1 variants also produce nonprotein agardiffusible antibiotics that minimize the secondary invasion of the insect cadaver by other microorganisms, while phase 2 variants produce no such compounds (2) . Some of these antibiotics have been identified as indole derivatives (19, 24) , trans-stilbenes (19, 24) , xenorhabdins (16) , and xenocoumacins (17) .
Antibiotic activity has also been attributed to elements like the phage tails that were detected in Xenorhabdus luminescens. These elements, interpreted as virulent for Bacillus cereus, were designated defective bacteriophages (22) . Subsequently, a bacteriophage that was lytic for phase 1 but not for phase 2 of X. luminescens was reported (21) . It has been hypothesized that this phage was the cause of phase variation in Xenorhabdus spp. (20) . However, the lytic activity of this phage occurred without any induction, indicating that the phage may have originated from another host. To test the hypothesis that lysogenic phages were present in Xenorhabdus spp., we attempted to induce lysis by several treatments and determine the nature of the elements causing lysis. * Corresponding author.
MATERUILS AND METHODS
Bacteria and growth conditions. We used phase 1 Citrobacterfireundii 
a Identical results were obtained with bacteriocins from X. nematophilus A24/2.
b Inhibition was scored as + (clear zone at the droplet site) or -(no clear zone).
c Noninduced cultures of X nematophilus A24 (Ar60w = 0.5) were centrifuged, and the filter-sterilized supematant was used as the control. The control supernatant was diluted to 10-' with phosphate buffer to assess the residual bacteriocin activity. Electronic microscopy examination of the lysates. A variety of components were detected by electron microscopy after induction of lysis in X. nematophilus (Fig. 1 ). There were bacteriocinlike phage tail particles such as headless rods with extended striated sheaths (ca. 170 nm in length) and a base plate to which fibers were attached ( Fig. la and c) , contracted sheaths revealing an inner core, segments of empty contracted sheaths, loose cores ( Fig. la and b) , and complete or empty phage heads ( Fig. la and d) . Intact phage particles (ca. 220 nm from head to base plate; Fig. le and f) were also detected.
Purification of phages and bacteriocins. Bacteriocins and bacteriophages were purified from X. nematophilus A24/1 and A24/2 by DEAE column chromatography. Two peaks were obtained; electron microscopic examination showed that the first peak contained some intact phages, phage heads, and phage tails, and the second peak contained only bacteriocins with extended sheaths.
Antimicrobial activity of bacteriocin suspensions. When the antibiotic activity of suspensions from the second DEAE peak were tested in vitro, the only strains inhibited were Xenorhabdus spp. (other than X. nematophilus) and two Proteus species (Table 1) . There was no detectable difference in the antimicrobial activity of bacteriocins from phase 1 and phase 2 of X. nematophilus.
Induction by mitomycin increased the antimicrobial activity enormously. X. luminescens and X. beddingii were up to 10,000-fold more sensitive to induced cultures of A24/1 and A24/2 than they were to noninduced cultures used as controls (Table 1) .
Sensitivity to the bacteriocin suspensions was eliminated by treating the purified suspensions with pronase E or by heating at 100°C for 30 min. Trypsin, chymotrypsin, and papain had no effect on the antibacterial activity of the suspensions.
Antibiotic activity of noninduced cultures. The antibiotic activities of noninduced cultures were very different from those of the bacteriocin suspensions from those cultures. A broad spectrum of bacterial strains was susceptible to the antimicrobial activity of the noninduced cultures (Table 2) , but strains that were sensitive to the bacteriocins (Table 1) were not sensitive to noninduced cultures.
Moreover, activity could be detected in phase 1 cultures only (Tables 2 and 3 ). Even when cultures were incubated for up to 120 h before being tested, no antibiotic activity could be detected in phase 2 ( Table 3) .
Hybridization of A24 phage DNA with genomic DNAs. When phage DNAs purified from X. nematophilus A24/1 and A24/2 lysates were electrophoresed, they produced a band above the 23-kb marker that did not correspond with plasmid of X. nematophilus (Fig. 2a) .
DNA purified from phage isolated from X. nematophilus A24/1 hybridized to 18 bands of Dral-digested chromosomal DNA of X. nematophilus A24/1 (Fig. 2b) . There was neither homology to A24 plasmid bands nor to X. luminescens K80 chromosomal DNA (Fig. 2b) Dan/i and Dan/2, and X. beddingii Q58/1 and Q58/2. Each of these isolates yielded high levels of bacteriocins with the same morphologies as those of the A24 bacteriocins. DNA phages were also detected in the X. nematophilus Fl, X. species is not a mechanism for escaping the lytic activity of the phage. The isolation of a phage from X. luminescens cultures (21) led to a suggestion that phase variation may be a mechanism for escaping the lytic activity of the phage (20) . However, the phage isolated from X. nematophilus differs significantly from that reported from X. luminescens. The X. nematophilus phage was lytic for its host only after induction and was present in both phases, whereas the X. luminescens phage was reported to be lytic for its host without induction and only for phase 1. Moreover, although the X. luminescens phage DNA was shown to be distinct from the plasmid DNA, its incorporation into the bacterial chromosome was not tested. In contrast, the X. nematophilus prophage was This study showed two distinct types of antimicrobial activity in X. nematophilus. It confirmed the broad spectrum of activity of agar-diffusible antimicrobial agents (2) . It also revealed a class of agents with activity against a much more limited range of bacteria, including closely related species.
The electron microscopic evidence and sensitivity to protease treatment of this second class of agents show that they are bacteriocins.
Bacteriocins have a much narrower spectrum of antimicrobial activity than most nonprotein antimicrobial agents and commonly function in preventing competition by closely related species (8, 11, 15) . Our in vitro test showed that X. nematophilus bacteriocins inhibited other Xenorhabdus spp. This supports the hypothesis that the dominance of one Xenorhabdus species in an insect host, which determines which of any coinfecting nematode species can survive and reproduce (5) , is very likely mediated by bacteriocins.
Although this study has only demonstrated that lysogeny occurs in X. nematophilus A24, it apparently also occurs in other Xenorhabdus strains and species. When cultures ofX. nematophilus Fl, X. bovienii Dan, and X. beddingii Q58 were induced with mitomycin or heat treatment, lysis occurred and phages and bacteriocins were produced. Electrophoretic examination of phage DNA from any of these strains revealed a DNA band distinct from those of plasmid and chromosomal DNA. However, the location of prophage genes in these strains will have to be determined by hybridizations between phage DNAs and chromosomal DNAs of Xenorhabdus spp. Further studies to define the biological activities and antimicrobial activity, size, and biochemical differences between bacteriocin and phage production in the various strains and species of Xenorhabdus spp. are being conducted.
Although X. luminescens K80 cultures were not lysed after mitomycin or heat treatment, there was a low level of bacteriocins in noninduced cultures, as occurred in other Xenorhabdus spp. It is possible that X. luminescens is lysogenic but the nature of the phage is different, and different conditions for induction may be required.
